Abstract. In this paper, a welding electrical signal monitoring and analysis has been established basing on virtual instrument. The system contains two parts that are hardware and software. Hardware of the VI system using the data acquisition card, shielding box, control module is made by national instrument. Software including data collection and analysis system are programming using LabVIEW. Two groups of welding electrical signal getting from the two welders by same process have been acquired and analyzed using the system. The results of each analysis module have a high consistency. The system can accurately evaluate welding spatter size, welding stability and melt transfer in the welding process. Additionally, the system has the characters of friendly interface, simple operation, stable performance and high-reliability. Therefore, the system established in this paper can satisfy the requirements of monitoring and analysis during the quality of welding process.
Introduction
Nowadays, welding technology is widely used in the industries [1] . With the development of computer technology and electronic technology, virtual instrument technology began to emerge in the test technology, which is designed and defined on the computer and whose essence is that the basic functions of traditional instruments and computer software technology combined [2] [3] [4] . It can achieve and extend the function of the instrument and has the advantages of efficient performance, powerful expansion capabilities, saving development time, highly integrated [5] [6] . It can analyze the indirect welding quality that is to detect and control the relevant parameters in the welding process to realize the welding quality prediction.
At present, the domestic research on the welding inspection system based on virtual instrument is still in the qualitative analysis stage, but the foreign research and development of the welding process monitoring and analyzing system has made great progress [7] [8] . The main content of this paper is to establish a set of monitoring and analyzing system of welding process by using virtual instrument technology. Through the collection and analysis of welding current and arc voltage, the results of preservation are analyzed by spectrum analysis, statistical analysis, U-I analysis, probability density analysis and correlation analysis. Determine the stability of welding process and spatter size. The system is verified by manual arc welding.
Overall Research Program of the System

Virtual instrument consists of two parts: hardware and software. Hardware is the basis of virtual instrument, and software is the core of virtual instrument. During the welding process, the hardware once the build is successful. First, arc voltage and welding current are collected by hall voltage sensor and current sensor. Then the collected signals by shielding in the junction box of conditioning modules for signal conditioning. After conditioning, the signal is input to the data acquisition card.
Through the data acquisition card for A/D conversion, analog signals into digital signals can be identified by the computer. The software can display the voltage and current changes in the form of waveform in real time, synchronously display on the front panel, and save the data for subsequent query and analysis processing. By written analysis program to analyze the saved data, and save the analysis results. After the end of analysis process, the overall analysis results will be output as a report. The overall structure of the system is shown in Figure 1 . 
System Hardware Design
Hardware is the basic framework of the whole system. The function of the hardware is to ensure the accurate acquisition of the voltage and current signals in the welding process under the condition of complex and strong interference. The main hardware of this project is CHV100 / 100 type Hall voltage sensor, CHF-500G Hall current sensor, PCI-6221M DAQ data acquisition card, SCC-AI04 signal conditioning module, SC-2345 shielded junction box and a PC machine.
System Software Design
Software is the core of virtual instrument, which is responsible for data acquisition, analysis and processing and output display. This topic took LabVIEW software as the development platform to complete the establishment of welding electrical signal acquisition and analysis module.
The design of system software includes two modules: data acquisition and analysis. Acquisition module is mainly combined with the hardware of the welding process of the electrical signal acquisition, storage and playback. The analysis module includes the statistical analysis of welding current and arc voltage, spectrum analysis, probability density analysis, U-I phase diagram analysis and correlation analysis. Multiple analytical methods are used to ensure the accuracy of analytical results. The analysis module and flow chart of data acquisition module program are shown separately in figures 2 and 3. 
Experimental Results and Analysis of Manual Arc Welding
To facilitate the comparison of welding test results, a manual arc welding operation is performed by two different welders (welder A and welder B), under the premise of ensuring welding base material, welding rod, welding equipment and welding process. At the same time, the monitoring system of welding electrical signal based on virtual instrument was developed and welding electrical signal was collected. Results were analyzed and the specific analysis was as follows:
The Results of Statistical Analysis
In the course of statistical analysis, waveform data analyzed is processed with filters at first and the filtered waveform is displayed in the front panel diagram of the statistical analysis module. Figure 4 shows the results and B statistical analysis on the front panel and the detailed analysis results are shown in Table 1 . The stability of the two welding processes is analyzed with the three parameters of variance, standard deviation and coefficient of variation, which can reflect the data stability situation. As can be seen from the observations in Figure 4 and Table 1 , these three parameters of voltage and current of welder A in the welding process are less than B, which illustrates that the degree of dispersion and variability of welder A' waveform is lower and its welding process is more stable. Figure 5 shows the results of the spectrum analysis of manual arc welding for the welder A and B. The spectrum analysis results of voltage and current are sequentially displayed from top to bottom in the two waveforms of figure (a) and (b) .
The Results of Spectral Analysis
By comparing with two figures, it can be found that there are spikes in the high frequency region and the low frequency region through the spectrum analysis of voltage and current of welder A' welding process, which is the second case of stability. There may be a small amount of splash or arc break during the welding process. However, in the case of welder B is exactly the opposite, which is the worse stability. There will be more splash or broken arc phenomenon.
In addition to the discovery of spikes appear outside, the waveform regularity in the remaining positions (a) is slightly higher than that in (b) from the comparison of two figures at the same time.
In summary, comparing to B, it shows that the welding process of A is less volatile and the welding process of A is more stable. 
The Results of U-I Analysis
The direction of voltage and current changes cyclically with time in the welding process and the AC arc U-I curve is closed loop shape. Figure 6 shows U-I analysis results of the welders A and B. By comparing two figures (a) and (b), it can be found that figure (a) in the part of the curve is less volatile and its distribution more concentrated, which is more consistent with the AC arc dynamic characteristic diagram. At the same time, in the figure (a), the distance of the ABC and CDE segment is closer to than the distance of the A'B'C' and C'D'E' segment in figure (b) , which explains that the arc stability of welder A is higher in the welding process. In addition, the fluctuation abnormality curve appears in the position F in figure (b) and it's a small number. But the current is unusually large under this part of the curve. And the figure (b) may appear in the larger splash.
To summarize, the arc combustion is more stable, the fluctuation is smaller, the phenomenon of arc breaking and spatter is little, and the welding process is better in the welding process of A while the B is just the opposite.
The results of Probability Density Analysis
Using the background program, the electrical signal "eliminate negative" are handled and the probability density is then analyzed. Figure 7 shows the results of probability density analysis of the A and B. The results of voltage and current are sequentially displayed from top to bottom in the two waveforms of figure (a) and (b). When the voltage probability density distribution is analyzed, the arc phase waveform is selected for analysis. By comparison with (a) and (b), the distribution of voltage probability density of A is much higher and the fluctuation is smaller than those of B, which indicates that the voltage distribution is more concentrated and the voltage value is relatively stable in the welding process of A.
In the analysis of current probability density, it is still divided into three regions. According to the actual welding situation, the first region is the current region corresponding to the arcing phase, which is defined as the region where the current is less than 30A. Through observation it can be found that in this part of the region is slightly less than B and the statistical analysis of the region as a share of 1.462%, while the proportion of B was 2.864%. It shows that the arc ratio of A is more fully than that of B and the tendency of arc extinguishing and arc breaking of A is less than B. And the second region is a current region corresponding to an abnormal short circuit, and this portion is set to a region corresponding to a current greater than 250A. The proportion of this part of the A region is significantly smaller than B. Statistical analysis showed that the proportion of A was 0.487% and B was 5.465%. It shows that the short circuit to the arc transition current of B is too large, which may result in the phenomenon of liquid bridge burst and a larger splash, while this situation of A is relatively small.
To sum up, the phenomenon of A' welding process to produce splash, arc quenching and arc breaking are less than B and has higher stability.
The Results of Correlation Analysis
Through the correlation analysis, the voltage autocorrelation, current autocorrelation and crosscorrelation analysis results are obtained. Figure 8 is autocorrelation analysis results A and B. The results of voltage autocorrelation analysis can be found by manual arc welding, which is an approximate "diamond" formed by the waveform of one cycle change. The correlation analysis diagram of A approaches a standard "diamond", and four edges are approximately four straight lines, which shows that no mutation occurred in the process of decay. The four edges of B appear some fluctuations and it indicates that the attenuation process has a certain degree of volatility. When the time is 1, the Rxx appears extreme. At this time A Rxx is ±1.6×108 and B Rxx is ±1.6×108. It shows that the attenuation rate of A is smaller, the attenuation process is more uniform, more stable, and the welding process is more stable. Figure 9 is the cross-correlation analysis results of voltage and current of A and B. By contrast, it can be found that the figure (a) is more similar to a "diamond" whose four edges approach straight line, while the four sides of figure (b) have varying degrees of volatility, which shows that the mutation occurs less in the decay process and B was relatively more. It indicated that the voltage and current of A' welding process changes are more consistent and the regularity of arc power changes is stronger, more stable and uniform. It is conducive to the formation of uniform, beautiful weld and more easily to get satisfactory welding quality.
In summary, analysis and comparison of results show that the arc combustion is more stable, the fluctuation is smaller, the splash is less, the heat output is more uniform, and the droplet transfer is more stable and even in the welding process during manual arc welding, which is beneficial to ensure the quality of welding.
Conclusion
The welding electrical signal monitoring and analyzing system is established based on virtual instrument. There are five analysis modules in the system for welding quality analysis, which are statistical analysis module, probability density analysis module, spectrum analysis module, correlation analysis module and U-I analysis module.
The experimental results show that using welding electrical signal monitoring and analysis system not only can do qualitative analysis of welding spatter size, arc, arc breaking trend, short circuiting, but also can assess the welding process stability degree.
Analysis results show that the analysis results of each analysis module are consistent and mutually verified, proving the feasibility and accuracy of the system. And the system has the advantages of simple operation, friendly interface, stable performance and high reliability. It can meet the requirements of arc welding process monitoring and analysis.
